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ABSTRACT

The objective of this work was to ascertain the presence and degree of simple sequence repeat
(SSR) DNA length polymorphism in the soybean |thz’ne max (L.) Merr.]. A search of GenBank
revealed no (CA), or (GT), SSRs with n greater than 8 in soybean. In contrast, 5 (AT), and 1 (ATT),
SSRs with n ranging from 14 to 27 were detected. Polymerase chain reaction (PCR) primers to
regions flanking the six SSR loci were used in PCR amplification of DNA from 43 homozygous
soybean genotypes. At three loci, amplification produced one PCR product per genotype and revealed
6, 7 and 8 product length variants (alleles) at the three loci, respectively. Fy hybrids between parents
carrving different Jliclm produced two PCR products identical to the two parents. Codominant
segregation of alleles among F. progeny was demonstrated at each locus. A soybean DNA library was
screened for the presence of (CA/GT), SSRs. Sequencing of positive clones revealed that the longest
such SSR was (CA)s. Thus, (CA), SSRs with n of 15 or more are apparently much less common in
soybean than in the human genome. In contrast to humans, (CA), SSRs will probably not provide an
abundant source of genetic markers in soybean. However, the apparent abundance of long (A'T),
sequences should allow this SSR 1o serve as a source of highly polymorphic genetic markers in soy bean.

FEPETITIVE DNA sequences such as variable

number tandem repeat (VN'TR) loci (NAKA-
MURA et al. 1987) serve as highly informative genetic
markers. These multiallelic loci consist of repeated
core sequences which have been referred 1o as mini-
satellites (JEFFERYS, WiLsoN and THEIN 1985). The
tandemly repeated minisatellites are flanked by con-
served endonuclease restriction sites. Thus, the length

of the restriction fragment produced by this type of

genetic locus is proportional to the number of core
units it contains. It was subsequently suggested (JEF-
FREYS ¢t al. 1988) that the highly informative nature
of VNTR loci be combined with the specificity and
rapidity of polymerase chain reaction (PCR) technol-
ogy (MuLLis et al. 1986). Primers to the conserved
flanking regions of VNTR loci were developed allow-
ing amplification of the entire VN'TR locus. Resulting
PCR products possess electrophoretic mobilities which
differ according to the number of core units in the
VNTR allele(s) present.

This approach was recently extended to a different
type of repetitive DNA in humans (LiTT and LuTy
1989; WeBER and May 1989: Taurz 1989). Rather
than repeat units in the range of 11-60 bp in length
as occur in the minisatellites, these workers suggested
that high levels of polymorphism exist in dinucleotide
tandem repeat sequences. For example, (CA/GT),
were reported to occur in the human genome as many
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as 50,000 times with n varying from 10 to 60. This
type of reiterated sequence has been termed a simple
sequence repeat (SSR) by Jacos et al. (1991), short
tandem repeat by EDwARrDS et al. (1991), or microsa-

tellite (Lrrr and Lury 1989). The DNA sequences
f1: lnkmg SSRs are conserved, allowing the selection of
PCR primers that will amplify the intervening SSR.
As initially reported (LitT and Luty 1989; WEBER
and May 1989; Tavurz 1989), the PCR reaction in-
cludes one *P-labeled nucleotide or one or two *P
end-labeled primers to allow visualization of amplhfi-
cation products via autoradiography after electropho-
resis on a standard sequencing gel. Variation in PCR
product length is a function of the number of SSR
units. SSR length polymorphism is detected when the
PCR products from a particular locus differ in length.
This type of genetic marker can be placed on genetic
maps in relation to other SSR. restriction fmgnu:nt
length polymorphism (RFLP) (BOTSTEIN ¢t al. 1980),
random amplified polymor ph1c DNA (RAPD) (WiL-
LIAMS et al. 1990), and phenotypic markers in a man-
ner identical to that used with RFLP, RAPD, and
phenotypic markers.

Human geneticists first demonstrated the highly
polymorphic nature of SSRs in 1989 (LiTT and LuTy
1989; WEBER and May 1989), with up to 12 alleles at
some SSR loci. SSRs include tri- and tetrameric re-
peats such as (AAT), and (AGAT),. According to
EpwARDS et al. (1991), the combined frequency in the
human genome of tri- and tetrameric SSRs with n =
7 or greater is estimated to be 400,000 or one such
SSR per 10 kbp.
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TABLE 1
Soybean cultivars and wild soybean accessions examined for the presence of simple sequence repeat length polymorphism
Northern U.S. Northern LS. Southern U.S. Southern U.S. G. soja plant
ancestral cultivars cultivars ancestral cultivars cultivars introductions
Lane Soybean Lane Soybean Lane Soyhean Lane Soybean Lane Soybean Lane Soybean
No.# genotype No.® genotype No.? genotype No.® genotype No.® genotype No.? genotype
1 Mandarin (QOriowa) &  Lincoln 15  Amsoy 22  CNS 28 Ogden 39 PI 468397
2 Mandarin 9 Capital 16 Calland 23 5-100 29 Lee 40 PI 1014048
3 Manchu (Madison) 10 Adams 17 Williams 24 Roanoke 30 Hill 41 Pl 3786938
4 Richland 11 Hawkeye 18 Harcor 25 Tokyo 31 Jackson 42 Pl 342619A
5 AK. (Harrow) 12 Harosoy 19 Douglas 26 Pl154610-4 32 Pickent 43 Pl 349647
6 Mukden 13 Merit 20 Century 27 Palmetto 33 Dver
7 Dunfield 14 Clark 21 Fiskeby V 34 Bragg
35 Tracy
36 Forrest
37 Essex
38 Centennial

4 Lane No. refers to the lane number occupied by each genotype in Figure 1.

0.1 x:8SC.
wash.

PCR: PCR (10 ul) contained 1 X PCR buffer (10 mm
"I“ris-li('l [)H 8.3, 50 mm KCI), 1 mm Mg, 0.1 mm of each
dANTP, 1.5 pmol cach of the oligonucleotide primers, 0.1 ul
of ‘5(}{]1) ( i/mmol [ PJAATP (Amer: sham Corp., Arling-
ton Heights, Illinois), 1 unit of Tag DNA polymerase (U.S.
Biochemical Corp.) and 20 ng of soybean DNA template. A
two-step PCR protocol was employed with 30 cycles; dena-
turation (1 min, 94°) and annealing/extension (1.5 min,
627) using a Perkin-Elmer Cetus thermocycler.

DNA u.qucnuug and polyarrylamldv gel e]ecll‘opho-
resis: DNA sequencing reactions of selecte +d pmlllvv clones
from the colony h\hn(hmnun were performed on alkaline
denatured dsDNA, prepared as in KrRAFT et al. (1988) using
U.S. Biochemical Corp. DNA sequencing kit Version 2.0,
Reaction I.‘ll oducts were separated on a denaturing gel con-
taining 6% p(}l\d(_rwiamldt‘ 8 M urea and 1 X ]BI at 60
watt constant power using a DNA sequencing gel electro-
phoresis apparatus (GIBCO/BRL, Gaithersburg, Maryland).
The PCR products (1-1.8 ul/lane) were se pa:du d the same
way after addition of stop solution supplied with the se-
quencing kit and denaturation for 5-10 min at 95°. Gels
were dried and exposed to a Kodak XAR-5H (Eastman Kndak
Rochester, New York]) film for 1-2 hr. A and G sequencing
reactions of MI13 mpl8 ssDNA were used as molecular
weight standards (U.S. Biochemical Corp.).

The blot was exposed to x-ray film after each

RESULTS

The search of GenBank for SSR sequences in soy-
bean identified a total of 33 sequences with at least
five repeat units. Only four of these contained (CA/
GT), repeats and five contained (TC/AG), SSRs with
n ranging from 5 to 8. In contrast, 17 sequences had
SSRs composed of (AT/TA), repeat units with n
ranging from 5 to 27. Six trimeric and one tetrameric
repeat were also identified. Of the 33 SSRs only two
were located within coding sequences and both of
these were trimeric repeats. Primers flanking each of
the six DNA repeat regions with greater than 10
dimeric or greater than 6 trimeric SSRs were synthe-
sized (Table 2) and used in PCR amplification of DNA

from the four soybean cultivars Williams,
Tokyo and Fiskeby V.

Length polymorphism of SSRs: In the case of the
SOYHSPI76(AT), (Nacao et al 1985),
SOYSCHI4(AT), (SuiBaTa, KaTo and TANAKA
1991), and SOYPRPI(ATT), (HoNG, Nacao and
Key 1987) loci, PCR amplification with the four initial
cultivars produced variable length products. Subse-
quent investigation of 38 cultivars and 5 G. soja gen-
otypes revealed 6, 8 and 7 alleles at the three loci,
respectively (Figure 1), The
cach locus was arbitrarily assigned a length of Z nucle-
otides (nt). Other alleles were assigned values of Z *
nt with nt equaling the apparent number of nt greater
or less than Z in the denatured PCR product (Table
3). The number of nucleotides in each allele was
established using the size of the most intense band of
each amplification product. The precise size of partic-

Amsoy,

most common allele at

ular alleles could not always initially be determined
with certainty. When uncertainty existed, gels were
exposed to film for shorter or longer periods or PCR
products were reanalyzed with the sequencing ladder
in an adjacent lane. In the case of the dinucleotide
repeat loct SOYHSP176(AT), and SOYSCH14(AT),,
the difference between alleles varied by multiples of
2 while at the SOYPRPI(ATT), locus, which con-
tained a trimeric repeat, alleles varied by multples of
three (Table 3). A total of 21 alleles were detected at
the three loci. Nine of these occurred only once
among the 43 genotypes. Of these nine, eight were
found in one of the five G. soja genotypes.

In the case of the SOYHSP176(AT)., locus, the most
common allele had an estimated length of 180 nt and
the predicted length from the GenBank sequence was
191 nt. The second most common allele at the locus
had an apparent length of 192 nt (Z + 12). The
SOYHSP176 sequence was determined from a clone
of the cultivar Corsoy (NAGAO ef al. 1985). The par-
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TABLE 2

Soybean sequences from GenBank found to possess SSRs with greater than 10 repeat units in dinucleotide SSRs and greater than six
in trinucleotide SSRs and sequences from the pBluescript library with (CA/GT).;, bases contained in each repeat unit, number of
repeat units (n) in GenBank or Bluescript clone sequence, primers used in attempted PCR amplification, and predicted PCR product
size based on sequence information

No. of Predicted
repeat PCR product
Locus and SSR sequence units (n) Sense primer Antisense primer size (nt)
GenBank locus
Dinucleotide SSRs
SOYABAB(AT). 24 pataacaaacataaaaaagg cgggaatgattgcacattttgecage 290
SOYGLO2(AT), 27 atacagecgttgtpttctacaatteg gattagtggggtctactecatttge 264
SOYGY2(AT), 2 tagatacagatagataaataagtaa aataaattagagcaaatggtttggg 244
SOYHSPLIT6(AT). 15 ttttgttaagttactgtactgteg tattttagcagttttagatgattceg 191
SOYSCH14(AT), ctacatgacacaattcettagggace tggaaatcagtggaatatgtgaage 173
Trimeric S5Rs
SOYPRPLHATT). 19 aagaggtacgtgccaaattacatca atcttgttagaaaactcegeccaca 187
(CA/GT), from pBluescript Library
5A2-(AC), 7 pcttatgttgtaapptpaagge taatcttgttatggagttcagg 153
16C1-{CA), G tetgttteetteteagacaagelce cacaagaacactgcittctectgge 216
45CH-(AC)(AT)(N)o(ATT), 8,4,7 tetttgpagceatteagacaaaagga tagcttgatttgecagaaataaa 243
HO5HT7-(AC), 7 aaactttttttgaaaaccce agtagtattatgcaaagaatatcec 195

ents of Corsoy are the cultivars Harosoy and Capital
which both carry the Z + 12 allele (Figure 1A, lanes
12 and 9, respectively). At the SOYSCH14(AT), locus,
the most common allele had a length of 174 nt which
was one nucleotide longer than that predicted based
upon the GenBank sequence. In the case of
SOYPRPI(ATT), the most common allele was 160
nt in length whereas the predicted length from the
GenBank sequence was 187 nt. The size of this allele
was identical to the Z + 27 SOYPRPI(ATT), allele
which occurred in 7 of the 43 genotypes examined.

In the case of the SOYABAB(AT), and
SOYGYZ2(AT), loci, PCR amplifications were unsuc-
cessful with the DNA of any of the initial four soy-
beans as template. Using primers to the
SOYGLO2(AT), locus, two PCR products were pro-
duced with each soybean genotype, one of which
appeared to be polymorphic. Further study of these
loci is being undertaken.

Mendelian inheritance of SSR alleles: In no case
did any of the 43 soybean genotypes appear to be
heterozygous, i.e., produce more than one PCR prod-
uct. Not surprisingly, a contrasting result was obtained
with PCR amplification of DNA from F; plants of
crosses between genotypes carrying different SSR al-
leles (Figure 2). In the 10 possible F; hybrids between
cultivars Amsoy, Williams, Fiskeby V, Tokyo and
Jackson, the F;s always produced two PCR products
in those cases in which the parents were polymorphic.
Codominant segregation of SSR markers among F,
soybean progeny was demonstrated at the three SSR
loci. For example, at the SOYPRPI(ATT), locus,
Jackson carries the Z allele and Williams the Z + 27
allele. Of 98 F. progeny, 22 were homozygotes car-
rying the Z + 27 allele, 53 were heterozygotes, and
23 were homozygotes carrying the Z allele. This very

closely fits the 1:2:1 ratio of codominant segregation
with a Chi-squared value of 0.7 (P = 0.9-0.7). The
allelic constitution of 38 of these Fo progeny is illus
trated in Figure 3. Similar codominant segregation
ratios were obtained among the F, progeny of Jackson
X Williams at the SOYSCH514(AT), locus and at all
three loci in the cross of Williams X Amsoy (Table 4).

The presence of (CA/GT), sequences in soybean:
The first reports of SSR length polymorphism in
humans were of (CA/GT), sequences and therefore,
concurrent with the search of Genbank for SSRs, we
probed soybean DNA with a radiolabeled poly(CA)
probe to determine if such sequences were also com-
mon in soybean. The poly(CA) probe hybridized to
Pall digested human DNA and to a lesser extent to
Williams soybean DNA (Figure 4), while no hybridi-
zation to E. coli was observed. The probe remained
annealed to human and soybean DNA even after very
high stringency washing (Figure 4, lanes 1 and 3).
Based upon this positive assessment of the presence of
(CA/GT), sequences, a library of Williams soybean
DNA was screened for the presence of (CA/GT),
sequences.

Of approximately 10,000 clones examined, 36 pro-
duced a positive signal. Four of the 36 gave an ob-
viously stronger signal than the remaining 32 and
these clones were sequenced along with two of the
remaining 32 which had given a weaker signal. These
weakly hybridizing clones both contained a (CA/GT),
repeat. In the four clones producing stronger signals,
(CA/GT), repeats were also present and varied in
length from n = 7 to n = 9 (Table 2). In addition, one
sequence (45CH) also contained an (AT); adjacent to
the (CA) repeat and an (ATT); 90 bp from the (CA)
SSR.

Results of PCR amplification with primers de-
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Ficure |.—Radiolabeled PCR products amplified from 435 soybean genotypes using primers flanking simple sequence repeats at three
soybean loci, SOYHSPI76(AT), (A), SOYSCHI4(AT), (B) and SOYPRPI(ATT), (C), from GenBank. The genotypes in each lane are listed
in Table 1. Fragments were separated on a standard DNA sequencing gel. The sequencing ladder between lanes 21 and 22 is the A and G

lanes obtained from sequencing reactions using MI13mpl8 ssDNA.

rived from Bluescript clones containing (CA/GT)..4:
DNA of the cultivars Amsoy, Williams and Tokyo was
used in an initial amplification using primers to se-
lected Bluescript clones (Table 2). Multiple amplifi-
cation products which were not polymorphic resulted
in the case of clones 16C1 and 105H7. One product
whose size was identical for the three soybean geno-
types resulted from PCR using primers to 5A2. In the
case of 45C5, a larger spectrum of soybean genotypes
was examined. One genotype among a group of 19
produced a PCR product with a slightly higher molec-
ular weight than the others. Because of the mimimal
level of SSR length polymorphism we did not investi-
gate this locus further.

DISCUSSION

SSR length polymorphism in soybean: The degree
of SSR length polymorphism at the SOYHSP176-

(AT),, SOYSCH14(AT), and SOYPRPI(ATT), loci
was comparable to that found by WEBER and May
(1989) at SSR loci in humans. They analyzed 10 loci
and observed that the number of alleles ranged from
4 to 11 with an average of 6.8. At the three soybean
loci examined here, an average of 7 alleles per locus
was detected. WEBER and May (1989) calculated that
the size difference between the largest and smallest
allele at each locus ranged from 6 to 36 bp, with an
average of about 16 bp. In soybean, the range in
length appeared to be somewhat greater even if only
the dinucleotide SSR loci SOYHSP176(AT), and
SOYSCHI4(AT), are considered (Table 3). Whether
our sampling of soybean genetic variation is compa-
rable with the variation sampled by WEBER and MAY
(1989) 1s difficult to determine. However, the degree
of polymorphism at the three soybean loci investigated
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TABLE 3

Number of soybean genotypes carrying each allele at three
simple sequence repeat loci

Locus and S8R sequence

SOYHSPI76  SOYSC514  SOYPRPI
Allele length (AT). (AT). (ATT),

Z—10 1
Z—8
Z—6 5
Z—4 1
1
5

(+-]

Z—2

Z 2
Z+2

Z+4

Z+12 1
Z+ 14 6
Z+ 21

Z+24

Z+27

Z+ 30

Z+ 42 4

Z+51

No. of alleles 6 8 7

rh 90

&
(B

|

DT o —

The length (number of nucleotides) of the most common allele
was arbitrarily assigned a value of Z, The number of nucleotides in
alleles shorter or longer than Z are given by — and + values.

& Z = 180 nucleotides.

b 7 = 174 nucleotides.

¢ Z = 160 nucleotides.

here appeared to be quite similar to polymorphic SSR
loct in humans.

The 43 soybean genotypes included in the current
study were selected to represent wide genetic diver-
sity. If genotypes were put into classes based upon
their allelic profiles, that is, those carrying identical
alleles at each of the three loci would be placed in the
same class, a total of 22 classes was required to accom-
modate the 43 genotypes. The G. soja genotypes each
fell into unique classes. Tt was anticipated that these
genotypes would be distinct from the G. max geno-
types. Because the G. soja accessions were selected to
represent diverse origins, it was also not surprising
that they differed from each other. The cultivated
soybeans fell into 17 allelic classes with up to 5 geno-
types in one class. This group included the cultivars
Mandarin, Lincoln, Clark, Williams and Douglas.
Based upon their pedigrees, these genotypes are
closely related. Similarly, the closely related cultivars
5-100, Pickett and Lee were in a group by themselves.
Thus, even the small amount of data collected at the
three polymorphic SSR loci exhibiting length poly-
morphism allowed the grouping of genotypes into
classes that would be anticipated based upon their
species, origins, and pedigrees. With similar data from
additional loci it should be possible to develop unique
allelic profiles for establishing individual cultivar iden-
tity.

Simple sequence repeat DNA in soybean: The
total length of the sovbean sequences searched in

GenBank was approximately 200 kbp. The presence
of only four (CA/GT), sequences with n ranging from
only 5 to 8 was much less than anticipated based on
human DNA sequence data. In the human genome
various estimates indicate between 50,000 and
100,000 (CA/GT), repeats with n ranging from 15 to
30 (BRAATEN ¢¢ al. 1988; HaMapa and KAKUNAGA
1982; HaMaDa, PETRINO and KAKUNAGA 1982; Ha-
MADA ¢t al. 1984; STALLINGS et al. 1991). Assuming
equal spacing throughout the human genome, one
such SSR would occur every 30-60 kbp. This was not
the case in the soybean sequences contained in
GenBank, as no (CA/GT), with n greater than 8 was
found.

The lack of such (CA/GT), sequences in soybean
was further supported by the results obtained in
screening and sequencing clones in the library of
Williams soybean DNA. About 3100 kbp of DNA was
screened and 36 clones putatively containing (CA/
GT), sequences were identified. Our sequencing data
suggest that in the 32 clones that gave weaker signals
when probed with a **P-labeled poly(CA) probe, the
length of (CA/GT), was probably only 4 or 5 repeat
units. By chance alone, one (CA/GT), should occur
every 65.5 kbp. Therefore, our finding of 32 such
sequences in 3100 kbp was somewhat less than what
would be anticipated. Of four clones that gave an
obviously stronger signal with the poly(CA) probe, the
maximum number of (CA/GT), repeats was nine. If
the frequency and length of (CA/GT), SSRs in soy-
bean were similar to that in human, we would have
expected between 50 and 100 (CA/GT), SSRs rang-
ing in length from 15 to 30 repeat units. We found
no evidence to suggest that such sequences exist in
soybean.

The only data concerning frequency and length of
dinucleotide repeats in a sizable sample of higher plant
DNA is that of ConoiT and HuBserL (1991). In two
tropical tree species and Zea mays they estimated an
average of one (CA/GT), repeat every 103 kbp. This
estimate was based on a library consisting of DNA
fragments whose average size was assumed to be 256
bp. Their detection procedure used a radiolabeled
probe and a low stringency similar to that employed
in our screening of the Bluescript library of Williams
DNA. If the 36 clones we detected all contained (CA/
GT), sequences, then one such sequence occurred
every 86 kbp. This is similar to the result of ConpIT
and HUBBELL (1991) and is not greatly different from
estimates of (CA/GT), sequences in humans. The
more important question concerns the length of these
SSRs. The longest (CA/GT), sequence reported by
ConDIT and HUBBELL (1991) had an n of 11. The
longest such sequence we found had only 9 dinucleo-
tide repeats. Together these experimental data fail to
support the conclusion that long (CA/GT), SSRs (n >
14) exist in plant species as thev do in humans.
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Ficure 2. —Radiolabeled PCR |nr|il|1(|'\ amphitied from five selected soybean genotypes and the 10 F, hvbrids froam all Fm“]hlt' CTOSSES
between them produced using primers flanking simple sequence repeats at three soybean loci SOYHSPIT6(AT), (A). SOYSCHI4(AT), (B)
and SOYPRPIHATT), (C) from GenBank. Fragments were separated on a standard DNA sequencing gel. The se quencing ladder is the A

and G lanes obtained from SEQUENCING Teactions using M13mpl8 ssDNA. In the 21 lanes to the right of the sequencing ladder each Fy 1s
flanked by both of its parents (A = Amsoy, W = Williams, F = Fiskeby, T = Tokyo and | = Jackson sovbean).

Sl G el s s G

5 10 15 20 25 30 35 38

T e ]

FIGURE 3. —Radiolabeled PCR products amplified from the DNA of the parents (] = Jackson, W = Williams}, F,. and 38 F. plants from a
cross of Jackson X Williams soybean using primers to the simple sequence repeat locus SOYPRP1(ATT),. The sequencing ladder is the A
and G lanes obrained from sequencing reactions using M13mp18 ssDNA.
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TABLE 4

Segregation of simple sequence repeat alleles in the F: progeny of two soybean crosses

No. of Fa plants in genotypic classes

No. of Fs
Locus plants P, Heterozygote P X P

Jackson (P;) X Williams {P3}

SOYSCH14(AT). 99 26 44 29 1.4 0.3-0.5

SOYPRPI{ATT), 98 23 53 29 0.7 0.7-0.9
Williams (P;) X Amsoy (Ps)

SOYHSPL76(AT), 71 14 39 18 1.1 0.5-0.7

SOYSCHI14(AT), 71 14 32 25 4.1 0.1-0.2

SOYPRPI(ATT), 70 12 35 23 3.5 0.1-0.2

Progeny were classified as: homozygous for the allele from the maternal parent (P;), heterozygous, or homozygous for the allele from the
male parent (P.), with an expected codominant segregation ratio of 1:2:1.

23.0_
94_
6.7_

44_

2.3-
2.0-

0.5_

FiGure 4.—Hybndization of a **P-labeled G(AC),, probe to Pall
digested human placental DNA (lane 1), E. coli strain B DNA (lane
2) and Williams soybean DNA (lane 3). After hybridization the
membrane was washed five times including a final wash for 2 hr at
66 n 0.1 x S5C. Values in the left margin are n kilobases.

While the soybean sequences in GenBank had no
(CA/GT). sequences with n of 15 or greater, the five
(AT/TA), sequences with n ranging from 14 to 27
provided an excellent source of dinucleotide SSRs.
The frequency of these sequences (1 per approxi-

mately 40 kbp) is similar to the frequency of (CA/
GT), SSRs of comparable length in humans.

CONCLUSIONS

Two ftindings emerge from the experiments re-
ported here. First, the presence of polymorphic length
SSRs in soybean demonstrates that this type of genetic
maker is useful in a higher plant species. The average
of 7 alleles present at each locus indicates that these
should function as highly informative markers com-
parable to those in humans. The presence of SSR
length polymorphism offers a complement to the
RFLP and RAPD markers now commonly in use in
many plant species. The rapidity of PCR combined
with the informativeness of SSR length polymor-
phisms should make SSR markers valuable tools for
molecular map development, genotype identification,
and other uses. The highly polymorphic nature of
SSR markers make them particularly advantageous in
a species such as soybean in which RFLP has been
somewhat difficult to detect.

The second result of interest relates to the lack of
(CA/GT), sequences in soybean comparable to that
found in humans. While the frequency of such se-
quences may be similar to that found in human DNA,
their length is apparently significantly less. Obviously,
this fact has important implications on the use of (CA/
GT), SSRs as genetic markers in plants. WEBER (1990)
demonstrated that the polymorphism information
coefficient was near zero when n was 10 or fewer
repeats, but reached approximately 0.8 with 24 or
more repeats. Thus, it would appear that in soybean,
and perhaps in other plants, the length of the (CA/
GT), sequences will not offer sufficient polymorphism
to permit their use as genetic markers. However, the
relative abundance of (AT/TA), with n of 15 or
greater in GenBank soybean sequences offers an al-



Simple Sequence Repeat DNA 1159

ternative to the use of (CA/GT),. SSRs as genetic
markers. Trimeric repeats such as (ATT), should also
serve as a source of polymorphic SSRs although such
sequences may not be as common in soybean as has
been reported in the human genome (EDWARDS et al.
1991).
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